US010024393B2

a2y United States Patent (10) Patent No.: US 10,024,393 B2

Park et al. 45) Date of Patent: Jul. 17, 2018
(54) INPUT SYNTHESIS APPARATUS (56) References Cited
(71) Applicant: HYCORE CO., LTD., Seoul (KR) U.S. PATENT DOCUMENTS
(72) Inventors: Dong Hyun Park, Gwangmyeong-si 4,609,578 A *  6/1987 Fukamachi .......... F16K 31/043
(KR); Ho Yul Lee, Seoul (KR) ) 18540 R
8,534,408 B2* 9/2013 Kajthara .................. B62M 7/12
- : 180/205.1
(73) ASSlgnee' HYCORE CO"J LTD'3 SeOUI (KR) 956575822 B2 s 5/2017 Park ***************** B60W 10/04
_ _ _ _ _ 2013/0184112 Al* 7/2013 Chor ........oeevvvvnnnen, F16H 37/065
(*) Notice: Subject to any disclaimer, the term of this o 475/5
patent 1s extended or adjusted under 35
U.5.C. 154(b) by O days. FOREIGN PATENT DOCUMENTS
(21)  Appl. No.: 15/303,426 JP 2010-041747 A 2/2010
KR 10-2012-0028234 A 3/2012
(22) PCT Filed: Apr. 8, 2015 KR 10-1173679 B1  8/2012
KR 10-2013-0089624 A 8/2013
(86) PCT No.: PCT/KR2015/003518 KR 10-2014-0022355 A 2/2014
§ 371 (c)(1), * cited by examiner
(2) Date: Oct. 11, 2016
Primary Examiner — Dirk Wright
(87) PCT Pub. No.: WO2015/1563598 (74) Attorney, Agent, or Firm — Novick, Kim & Lee,
PCT Pub. Date: Oct. 15, 2015 PLLC; Jae Youn Kim
(65) Prior Publication Data (57) ABSTRACT
US 2017/0037947 A1 Feh 9 2017 An 1nput synthesis apparatus according to the present inven-
j tion 1ncludes: a first input unit which provides first rotational
(30) Foreign Application Priority Data force; a second mput unit which provides second rotational
force equal to or different from the first rotational force; a
Apr. 10, 2014  (KR) ..o 10-2014-0042896 gear unit which 1s engaged with the first input unit and the
second input unit and synthesizes the first rotational force
(51) Imt. CL and the second rotational force; and an output unit which
F16H 3/00 (2006.01) outputs resultant force of the first rotational force and the
F16H 5/72 (2006.01) second rotational force, in which the gear unit sums up
(52) U.S. Cl. speeds or torque of the first rotational force and the second
CPC .. FI16H 3/005 (2013.01); F16H 3/724 rotational force based on whether a rotation direction of the
(2013.01); FI6H 3/003 (2013.01) first input unit and a rotation direction of the second 1nput
(58) Field of Classification Search unit are i1dentical to each other.

None
See application file for complete search history.

11 Claims, 13 Drawing Sheets

| Speed]




US 10,024,393 B2

e,
e
S
&
e
'
L
<5
m\nu ye—
&
+ -
e F
e
—
g |
N 7% o
— i
> 4 o] =
S S S S
= Yo ©
—

U.S. Patent

FIG. 2



U.S. Patent Jul. 17, 2018 Sheet 2 of 13 US 10,024,393 B2

110

120

136

FIG. 3



U.S. Patent Jul. 17, 2018 Sheet 3 of 13 US 10,024,393 B2

FIG. 4



U.S. Patent Jul. 17, 2018 Sheet 4 of 13 US 10,024,393 B2

QA
Y
T
O
Y
.
-]
)
T
V
/ ()
g &
- =
)
3 3
3 o
O ap .
A )
s |1 -
)
T
(N O
& cn
-
- O
>—"] " -
— T

112



U.S. Patent Jul. 17, 2018 Sheet 5 of 13 US 10,024,393 B2

122

20

—
<
4V
A




U.S. Patent Jul. 17, 2018 Sheet 6 of 13 US 10,024,393 B2

120

100

QA
D
T
-
LD\\
—
— T~
E ®
/7 &
J —
5000 m
o
3
O

133 132 4qz 134 K

112



U.S. Patent Jul. 17, 2018 Sheet 7 of 13 US 10,024,393 B2

120

100

FIG. 8

S
O
= <t
P -
— 3P
LD T
)
T
= O
) ap
A T
o O
m T
— T

112



U.S. Patent Jul. 17, 2018 Sheet 8 of 13 US 10,024,393 B2

200

211 20
231

222

210

244
234

245 22l




U.S. Patent Jul. 17, 2018 Sheet 9 of 13 US 10,024,393 B2

200

231

233

220

244
234

210

FIG. 10



U.S. Patent Jul. 17, 2018 Sheet 10 of 13 US 10,024,393 B2

201

200

212

S

I < "3 pop  2le
\ i =
\
|
210
234
220

FIG. 11



U.S. Patent Jul. 17, 2018 Sheet 11 of 13 US 10,024,393 B2

244
241
233

O\
N
. d
N &
QA QO |
N I
\ —
Ql g |
- L
ml N 1
;":} —
i
N\
I
% I
2 I
<
N I
I
I
I
I
I
= |
O S, |
o A\ -
< O\
N '_ v I
I
VL __ |
= I
g N '
)
AN L0
»; o ) :
OJ N
I
_ I
3L I
N
<t - |
{vl — l
| aV o\
I
I

211

212



U.S. Patent Jul. 17, 2018 Sheet 12 of 13 US 10,024,393 B2

&P O\ -
N & N |
N |
QM —
®t A\ f _8§ '
e LD
S N
IE_EI-

220

|
|
|
|
|
|
|
|
|
|
© |
o0
N | e
\ l —
} I @
¢
|
% | e
o |
N
|
|
|
<t O |
) —
o o\ :
|
I



U.S. Patent Jul. 17, 2018 Sheet 13 of 13 US 10,024,393 B2

-
N
CN |
— |
QO |
'8\
|
|
|
|
|
|
|
|
|
S |
O |
> Al
o % | h
% I —
: .
. <
|
0 | e
e |
N
I
|
|
<t - |
o — I
o q\
/ |
|

212



US 10,024,393 B2

1
INPUT SYNTHESIS APPARATUS

TECHNICAL FIELD

The present invention relates to an iput synthesis appa-
ratus, and more particularly, to an input synthesis apparatus
capable of creating an output by selectively summing up and
synthesizing torque or speeds of inputs.

BACKGROUND ART

In general robot, a power source such as a motor or an
engine 1s used to control a vehicle, a transporting apparatus,
or a machine system, and in this case, a capacity of the
power source, which satisfies required work (operation,
activation), needs to be selected to perform the required
work. For example, 1n a case 1n which the power source 1s
the motor, a capacity of the motor 1s closely associated with
a si1ze, a weight, and costs of the motor.

In a case 1 which the robot or the machine system needs
to be operated with high torque and at a high speed, a power
source having a large capacity 1s required, which causes an
increase 1n size, weight, and costs of the robot or the
machine system.

In the case of the automobile, a gear transmission system,
which changes a gear ratio during a process of transmitting,
rotational force of an engine to wheels, 1s used to obtain both
a high-torque output for allowing the automobile to
smoothly travel up a slope and a high-speed output for
allowing the automobile to travel at a high speed. However,
the gear transmission system 1s diflicult to be used for a
small-sized drniving system because of a problem of com-
plexity of a mechanical configuration, a price, and a weight
thereol.

Meanwhile, the applicant has proposed Korean Patent
Application Laid-Open No. 10-2012-0028234 that discloses
a planetary gear system using two input properties. How-
ever, the applicant has merely proposed a technology for
synthesizing mput speeds as disclosed 1n the Korean Patent
Application. Therefore, there 1s a need for an input synthesis
apparatus capable of synthesizing torque of inputs as well as
the speeds of the mputs 1n order to create outputs having
more various properties.

Therefore, the present invention provides an 1mput syn-
thesis apparatus capable of being simply applied to a small-
s1zed driving system and creating various outputs by selec-
tively synthesizing a speed and torque of the input.

DISCLOSURE

Technical Problem

The present invention has been made 1n an effort to solve
the aforementioned problems, and to provide an mput syn-
thesis apparatus capable of creating various outputs by
synthesizing a plurality of mputs having different or the
same properties.

The present invention provides an iput synthesis appa-
ratus capable of creating various outputs by selectively
synthesizing torque and speeds of mputs.

The present invention provides an input synthesis appa-
ratus capable of synthesizing speeds or torque of inputs by
changing rotation directions of the mputs during an opera-
tion of a driving source for creating the inputs.

Technical Solution

In order to solve the aforementioned problems, the pres-
ent mvention provides an input synthesis apparatus includ-
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2

ing: a first input unit which provides first rotational force; a
second input unit which provides second rotational force
equal to or diflerent from the first rotational force; a gear unit
which 1s engaged with the first input unit and the second
input unit and synthesizes the first rotational force and the
second rotational force; and an output unit which outputs
resultant force of the first rotational force and the second
rotational force, 1n which the gear unit sums up speeds or
torque of the first rotational force and the second rotational
force based on whether a rotation direction of the first input
unit and a rotation direction of the second input unit are
identical to each other.

Gears, which are engaged with the gear unit, may be
formed on the first mput umt and the second input unit,
respectively, and the number of gears formed on the first
input unit and the number of gears formed on the second
input unit may be different from each other.

Two gears, which are engaged with the gear unit, may be
formed on one of the first input unit and the second 1nput
unmit, and a first one-way bearing and a second one-way
bearing may be formed 1n the two gears.

A power transmission blocking direction of the first
one-way bearing and a power transmission blocking direc-
tion of the second one-way bearing may be opposite to each
other.

The gear unit may 1nclude a third one-way bearing formed
on a stationary shaft that does not rotate.

A power transmission blocking direction of the third
one-way bearing may be identical to a power transmission
blocking direction of one of the first one-way bearing and
the second one-way bearing.

A gear, which 1s formed with one of the first one-way
bearing and the second one-way bearing which has the same
power transmission blocking direction as the third one-way
bearing, may be engaged with a planetary gear unit or a
differential gear umt of the gear unit.

A gear, which 1s formed with one of the first one-way
bearing and the second one-way bearing which 1s different
in power transmission blocking direction from the third
one-way bearing, may be engaged with a gear formed with
the third one-way bearing.

The gear unit may include a first mput gear which 1s
formed on the first input unit, and a second 1nput gear and
a third input gear which are formed on the second input unit,
and the planetary gear unit or the differential gear unit may
be formed to be engaged with the first input gear, and
engaged with the second mput gear or the third mput gear.

The first one-way bearing and the second one-way bear-
ing may be formed in the second input gear and the third
input gear, respectively.

The planetary gear unit may include: a first intermediate
gear which 1s engaged with the first input gear; planet gears
which are formed on the first intermediate gear and revolve
in a rotation direction of the first intermediate gear; a sun
gear which 1s formed between the planet gears and rotates 1n
a direction opposite to a rotation direction of the planet
gears; a ring gear which 1s engaged with the planet gears and
rotates 1n a direction 1dentical to the rotation direction of the
planet gears; a second intermediate gear which has the ring
gear formed therein, rotates 1n the same direction as the ring
gear, and 1s connected to the output unit; and a third
intermediate gear which 1s connected with the sun gear
through the same rotating shaftt, the third intermediate gear
may be engaged with the second input gear, and the second
intermediate gear may be engaged with the third input gear.

The differential gear unit may include: a first intermediate
gear which 1s engaged with the first input gear; a first bevel
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gear which 1s formed on a planar portion of the first
intermediate gear; 1dle gears which are engaged with the first
bevel gear; a second intermediate gear to which a rotating,
shaft on which the idle gears are rotatably formed 1s con-
nected and which rotates in a direction identical to a revo-
lution direction of the 1dle gears; a second bevel gear which
1s engaged with the 1dle gears and formed to face the first
bevel gear; and a third intermediate gear which has a planar
portion on which the second bevel gear 1s formed, the output
unit 1s connected to the rotating shaft on which the idle gears
are formed, the third intermediate gear may be engaged with
the second 1nput gear, and the second intermediate gear may

be engaged with the third input gear.
A fourth intermediate gear may be formed to be engaged

between the second intermediate gear and the third input

gear.
The third one-way bearing may be formed in the third

intermediate gear.

Advantageous Effects

As described above, the input synthesis apparatus accord-
ing to the present invention outputs resultant force of inputs
having the same or different properties and selectively
synthesizes torque and speeds of the mnputs, thereby creating
various outputs.

The mput synthesis apparatus according to the present
invention may selectively synthesize torque or speeds of the
iputs, and as a result, 1t 1s possible to provide outputs
having various speeds or torque as necessary, and thus to
obtain an eil

ect of changing a gear ratio.

The mput synthesis apparatus according to the present
invention may produce high-speed and low-torque or low-
speed and high-torque outputs as necessary by separately
synthesizing torque and speeds of the inputs, and as a result,
it 1s possible to freely change output properties even 1n the
case of a small-sized driving system such as a small-sized
robot. In addition, the input synthesis apparatus may be
cllectively adopted to a small-sized system, and may be
casily modularized to enable a reduction in costs and mass
production.

The mput synthesis apparatus according to the present
invention may increase a maximum speed and maximum
torque 1n comparison with a size or a weight of a usage
power source, and may drive the power source by using

various methods in accordance with loads of an output shaft,
thereby improving energy efliciency.

DESCRIPTION OF DRAWINGS

FIGS. 1 and 2 are views for explaiming a concept of an
input synthesis apparatus according to the present invention.

FIG. 3 1s a perspective view illustrating an mput synthesis
apparatus according to one exemplary embodiment of the
present invention.

FIG. 4 1s an exploded perspective view ol the input
synthesis apparatus according to FIG. 3.

FIGS. § to 8 are views lor explaining a relationship
between an input and an output of the mnput synthesis
apparatus according to FIG. 3.

FI1G. 9 1s a perspective view illustrating an input synthesis
apparatus according to another exemplary embodiment of
the present invention.

FIGS. 10 and 11 are exploded perspective views of the
input synthesis apparatus according to FIG. 9.
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FIGS. 12 to 14 are views for explaiming a relationship
between an mput and an output of the input synthesis
apparatus according to FIG. 9.

BEST MODE

Heremaftter, exemplary embodiments according to the
present mvention will be described 1n detail with reference
to the accompanying drawings. However, the present inven-
tion 1s not restricted or limited by the exemplary embodi-
ments. Like reference numerals indicated in the respective
drawings refer to the same constituent elements.

FIGS. 1 and 2 are views for explaining a concept of an
input synthesis apparatus according to the present invention,
FIG. 3 1s a perspective view 1llustrating an input synthesis
apparatus according to one exemplary embodiment of the
present invention, FI1G. 4 1s an exploded perspective view of
the input synthesis apparatus according to FIG. 3, FIGS. 5
to 8 are views for explaining a relationship between an input
and an output of the mput synthesis apparatus according to
FIG. 3, FIG. 9 1s a perspective view 1llustrating an 1nput
synthesis apparatus according to another exemplary embodi-
ment of the present invention, FIGS. 10 and 11 are exploded
perspective views of the iput synthesis apparatus according
to FIG. 9, and FIGS. 12 to 14 are views for explaining a
relationship between an input and an output of the nput
synthesis apparatus according to FIG. 9.

Retferring to FIGS. 1 and 2, input synthesis apparatuses
100 and 200 according to the present invention may syn-
thesize two mputs having the same capacity (or property) as
illustrated 1n FIG. 1, and may synthesize the two mnputs by
dividing the two inputs into torque and speed. The result of
the synthesis 1s shown 1n FIG. 2. By synthesizing the mputs
by dividing the inputs into the torque and the speed, 1t 1s
possible to create both a low-speed and high-torque output
and a high-speed and low-torque output as 1llustrated in FIG.
2. The low-speed and high-torque output 1s an output created
by synthesizing torque of two types of inputs, and as for the
torque, a maximum value 1s a value produced by summing
up the torque of the two inputs, and as for the speed, an
output having a speed equal to a speed of the two mputs may
be created. In a case 1n which a hybrnid automobile or the like
provided with two drniving sources begins to be driven, the
torque synthesis may be required. In addition, the torque
synthesis 1s also required when the automobile travels up a
slope.

Meanwhile, the high-speed and low-torque output 1s an
output created by synthesizing speeds of two types of inputs,
and as for the speed, a maximum value 1s a value produced
by summing up the speeds of the two 1nputs, and as for the
torque, an output having torque equal to the torque of the
two 1nputs. When the hybrid automobile or the like
described above exhibits a highest speed, the speed synthe-
s1s may be required.

Hereinatter, the input synthesis apparatus, which enables
the speed synthesis or the torque synthesis, will be described
in more detail.

Referring to FIGS. 3 and 9, the mput synthesis apparatus
100 or 200 according to the present invention includes a first
input unit 110 or 210 which provides first rotational force; a
second 1mput unit 120 or 220 which provides second rota-
tional force equal to or different from the first rotational
force; a gear unit 150 or 250 which 1s engaged with the first
input unit 110 or 210 and the second nput unit 120 or 220
and synthesizes the first rotational force and the second
rotational force; and an output unit 101 or 201 which outputs
resultant force of the first rotational force and the second
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rotational force, in which the gear unit 150 or 250 may sum
up the speed or the torque of the first rotational force and the
second rotational force in accordance with whether a rota-
tion direction of the first mnput unit 110 or 210 and a rotation
direction of the second mput unit 120 or 220 are 1dentical to
cach other.

With the configuration as described above, the input
synthesis apparatus 100 or 200 according to the present
invention may synthesize only the speeds of the iputs or
may synthesize only the torque of the inputs, and the input
synthesis apparatus 100 or 200 may synthesize the torque or
the speed during the operations of the first input unit 110 or
210 and the second 1mnput unit 120 or 220, thereby producing
outputs having various properties.

Meanwhile, the first input unit 110 or 210 and the second
input unit 120 or 220 have gears which are engaged with the
gear unit 150 or 250, respectively, and the number of gears
formed on the first mput unit 110 or 210 may be different
from the number of gears formed on the second mput unit
120 or 220.

Referring to FIGS. 3 and 9, in the mput synthesis appa-
ratus 100 or 200 according to the present invention, the first
input unit 110 or 210 may have a single gear 112 or 212, and
the second mput umt 120 or 220 may have two gears 122 and
123, or 222 and 223.

The 1nput synthesis apparatus 100 or 200 according to the
present invention includes two mmput units 110 and 120, or
210 and 220, and as the input unit, various power sources
such as an electric motor, a motor, and an engine may be
used. The two mput umts 110 and 120, or 210 and 220 may
be fixed to a support plate 102 or 202, and rotational force
of the first and second mput units 110 and 120, or 210 and
220 may be transmitted through power shafts 111 and 121,
or 211 and 221, respectively.

The first mput gear 112 or 212 may be formed on the
power shaft 111 or 211 of the first input unit 110 or 210, and
the second 1input gear 122 or 222 and the third input gear 123
or 223 may be formed on the power shaft 121 or 221 of the
second mput unit 120 or 220. That 1s, different numbers of
gears may be mounted or formed on the two input units. In
the case of the input synthesis apparatus 100 or 200 accord-
ing to the present invention, a single gear 1s formed on the
first input unit 110 or 210, and two gears are formed on the
second 1nput unit 120 or 220.

The first to third mput gears 112, 122, and 123, or 212,
222, and 223 are engaged with the gear unit 150 or 250 and
may synthesize the speed or the torque of the mputs. Here,
the gear unit 150 or 250 may 1nclude first to third input gears
112, 122, and 123, or 212, 222, and 223. Hereinafter, a
description will be made to an example 1n which the first to
third input gears 112, 122, and 123, or 212, 222, and 223 are
included in the gear unit 150 or 2350.

As described above, the two gears 122 and 123, or 222
and 223, which are engaged with the gear unit, may be
formed on at least one of the first mnput unit 110 or 210 and
the second input unit 120 or 220, and a first one-way bearing
124 or 224 and a second one-way bearing 125 or 225 may
be formed 1n the two gears 122 and 123, or 222 and 223,
respectively. That 1s, the first one-way bearing 124 or 224
and the second one-way bearing 125 or 225 may be formed
in the second mput gear 122 or 222 and the third mput gear
123 or 223 mounted on the power shait 121 or 221 of the
second 1nput umt 120 or 220, respectively.

The one-way bearing 1s also called a clutch bearing, and
the one-way bearing 1s a member that transmits rotational
force and power 1n any one direction, but does not transmit
power 1n the other direction. Referring to FIGS. § and 12,
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rotation directions of the first one-way bearing 124 or 224
and the second one-way bearing 125 or 223 are illustrated.

A power transmission blocking direction of the first
one-way bearing 124 or 224 and a power transmission
blocking direction of the second one-way bearing 125 or 225
may be opposite to each other.

Meanwhile, the gear unit 150 or 250 may include a third
one-way bearing 137 or 235 which 1s formed on a stationary
shaft 138 or 236 that does not rotate. The third one-way
bearing 137 or 235 may control a direction in which the
gears ol the gear unit 150 or 250 1n which the third one-way
bearing 137 or 235 1s installed are rotated.

A power transmission blocking direction of the third
one-way bearing 137 or 235 may be identical to the power
transmission blocking direction of any one of the first
one-way bearing 124 or 224 and the second one-way bearing
125 or 225. Referring to FIGS. 5 and 12, in the input
synthesis apparatus 100 or 200 according to the present
invention, the power transmission blocking direction of the
third one-way bearing 137 or 235 and the power transmis-
sion blocking direction of the second one-way bearing 125
or 225 are 1dentical to each other, but different from the
power transmission blocking direction of the first one-way

bearing 124 or 224.

The gear 123 or 223, which 1s formed with one of the first
one-way bearing 124 or 224 and the second one-way bearing
125 or 225 which has the same power transmission blocking,
direction as the third one-way bearing 137 or 235, may be
formed to be engaged with a planetary gear unit or a
differential gear unit of the gear unit 150 or 250. Here, the
planetary gear unit or the differential gear unit may be a unit
that synthesizes, together with the one-way bearing, the
torque or the speed of the mputs.

The gear 122 or 222, which i1s formed with one (124 or
224) of the first one-way bearing 124 or 224 and the second
one-way bearing 125 or 225 which 1s different in power
transmission blocking direction from the third one-way
bearing 137 or 235, may be formed to be engaged with a
gear 136 or 234 formed with the third one-way bearing 137
or 235.

The gear unit 150 or 250 includes the first input gear 112
or 212 formed on the first mnput unit 110 or 210, and the
second mnput gear 122 or 222 and the third mput gear 123 or
223 formed on the second imnput unit 120 or 220, and the
planetary gear umit or the differential gear unit may be
formed to be engaged with the first input gear 112 or 212 and
engaged with the second 1mput gear 122 or 222 or the third
iput gear 123 or 223.

In the input synthesis apparatus 100 according to one
exemplary embodiment of the present invention as 1llus-
trated 1n FIGS. 3 to 8, the gear unit 150 includes the
planetary gear unit, and 1n the input synthesis apparatus 200
according to another exemplary embodiment of the present
invention as illustrated in FIGS. 9 to 14, the gear unit 250
includes the differential gear unit.

Referring to FIGS. 3 to 8, the planetary gear unit, which
1s included in the gear umit 150 of the mnput synthesis
apparatus 100 according to one exemplary embodiment of
the present invention, may include a first intermediate gear
131 which 1s engaged with the first input gear 112; planet
gears 132 which are formed on the first intermediate gear
131 and revolve 1n the rotation direction of the first inter-
mediate gear 131, a sun gear 134 which 1s formed between
the planet gears 132 and rotates in a direction opposite to the
rotation direction of the planet gear 132; a ring gear 133
which 1s engaged with the planet gears 132 and rotates 1n a
direction i1dentical to the rotation direction of the planet
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gears 132; a second intermediate gear 135 which has the ring
gear 133 formed therein so as to rotate 1n the same direction
as the ring gear 133 and connects with the output unit 101;
and a third intermediate gear 136 which 1s connected with
the sun gear 134 through the same rotating shatt.

Here, the third imntermediate gear 136 may be engaged
with the second 1nput gear 122, and the second intermediate
gear 135 may be engaged with the third input gear 123.

Referring to FIGS. 3 and 4, the ring gear 133 and the
second intermediate gear 135 are formed to rotate together.
For example, as illustrated in, the second intermediate gear
135 may be coupled to the ring gear 133 1n such a manner
that the second intermediate gear 135 1s fitted with an outer
circumierential surface of the ring gear 133. Gear teeth may
be formed on an outer circumierential surface of the second
intermediate gear 135.

The first intermediate gear 131 1s a carrier. Because
rotating shafts of the planet gears 132 are fixedly installed on
a planar portion of the first intermediate gear 131, the
revolution direction of the planet gears 132 1s coincident
with the rotation direction of the first intermediate gear 131.

An output shait or the output unit 101 1s formed to rotate
together with the second intermediate gear 135. To this end,
a circular plate (not illustrated) may be fixedly fastened to a
planar portion of the second intermediate gear 135, and the
output unit 101 may be coupled to a center of the circular
plate.

The first one-way bearing 124 may be mounted between
the second 1nput gear 122 and the power shaft 121, and the
second one-way bearing 125 may be mounted between the
third input gear 123 and the power shait 121. In addition, the
third one-way bearing 137 may be mounted between the
third intermediate gear 136 and the stationary shait 138.

A principle in which the torque and the speed of the inputs
are synthesized by the input synthesis apparatus 100 accord-
ing to one exemplary embodiment of the present invention
will be described with reference to FIGS. 6 to 8. In FIGS. 6
to 8, the symbol “©” means that the gear protrudes from a
plane, and the symbol “X 1n a circle o means that the gear
enters the plane. That 1s, the symbols mean the rotational
direction of the gear.

FIG. 6 illustrates a principle of synthesizing the torque of

the mputs. That 1s, FIG. 6 1llustrates a power transmission
process 1n a case in which the torque of the first rotational

force provided by the first input unit 110 and the torque of

the second rotational force provided by the second mput unit
120 are synthesized. First, in a case 1 which the rotation
direction of the first rotational force created by the first input
unit 110 and the rotation direction of the second rotational
force created by the second input unit 120 are i1dentical to
cach other, the torque may be synthesized (see a solid line
arrow 1n FIG. 6).

As the power shait 111 of the first input unit 110 rotates,
the first input gear 112 rotates, and the first intermediate gear
131 engaged with the first mnput gear 112 rotates. The first
rotational force of the first input unit 110 may be transmitted
to the first intermediate gear 131. When the first intermediate
gear 131 rotates, the planet gears 132, which are mounted on
the planar portion of the first intermediate gear 131, revolve
while rotating. With the revolution of the planet gears 132,
the ring gear 133 rotates, and in this case, the ring gear 133

rotates 1n a direction i1dentical to the revolution direction of

the planet gears 132. When the ring gear 133 rotates, the
second mtermediate gear 135 rotates 1n a direction 1dentical
to the rotation direction of the ring gear 133, and the output
unit 101 connected to the second intermediate gear 133 also
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rotates. Through these processes, the first rotational force of
the first input umt 110 1s transmitted to the output unit 101.

In addition, as the planet gears 132 rotate, the sun gear
134 engaged with the planet gears 132 1s about to rotate, and
in this case, the sun gear 134 1s about to rotate 1 a direction
identical to the rotation direction of the ring gear 133. In this
case, the third intermediate gear 136 connected with the sun
gear 134 1s about to rotated, but the third intermediate gear
136 cannot rotate because of the third one-way bearing 137,
and only the ring gear 133 rotates.

Meanwhile, as the power shaft 121 of the second input
umt 120 rotates, the second iput gear 122 and the third
iput gear 123 need to rotate, but the second 1mnput gear 122
does not rotate because of the first one-way bearing 124, and
only the third input gear 123 rotates. The second one-way
bearing 125 transmits rotational force or driving power of
the second 1nput umt 120 to the third mput gear 123.

The third mput gear 123 i1s engaged with the second
intermediate gear 135, and the second rotational force 1is
transmitted to the second mtermediate gear 135, and trans-
mitted finally to the output unit 101. In a case 1n which the
first input umit 110 and the second mput unit 120 rotate 1n the
same direction as described above, that 1s, 1n a case 1n which
the rotation directions of the first rotational force and the
second rotational force are i1dentical to each other, the first
rotational force and the second rotational force are trans-
mitted directly to the second intermediate gear 135 by the
planetary gear umit and the one-way bearings, and as a result,
the torque of the first rotational force and the second
rotational force may be synthesized and created through the
output umt 101.

FIG. 7 1llustrates a principle of synthesizing the speeds of
the mputs. That 1s, FIG. 7 1llustrates a power transmission
process 1n a case 1 which the speed of the first rotational
force provided by the first input unit 110 and the speed of the
second rotational force provided by the second input unit
120 are synthesized. First, in a case 1 which the rotation
direction of the first rotational force created by the first input
umt 110 and the rotation direction of the second rotational
force created by the second mnput unit 120 are different from

cach other, the speed may be synthesized (see a solid line
arrow 1n FIG. 7).

The process 1n which the first rotational force of the first
input unit 110 1s transmitted finally to the output unit 101
through the second intermediate gear 135 1s the same as the
process 1 FIG. 6.

Meanwhile, as the power shaft 121 of the second input
umt 120 rotates, the second mput gear 122 and the third
iput gear 123 need to rotate, and the second input gear 122
rotates by the first one-way bearing 124, but the third input
gear 123 1dles because of the second one-way bearing 125.
That 1s, even though the third mput gear 123 rotates, the
third input gear 123 does not transmit rotational force to the
second 1ntermediate gear 135.

The second mput gear 122 1s engaged with the third
intermediate gear 136 and transmits rotational force to the
third intermediate gear 136, and the third intermediate gear
136 transmits rotational force to the sun gear 134 connected
with the third intermediate gear 136. In this case, the rotation
direction of the rotational force being transmitted to the sun
gear 134 by the third intermediate gear 136 and the rotation
direction of the rotational force being transmitted to the sun
gear 134 by the first input gear 112 are identical to each
other. For this reason, a rotational speed of the second
intermediate gear 133 1s increased, and finally, the speed of
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the first rotational force and the speed of the second rota-
tional force may be synthesized and created through the
output unit 101.

FIG. 8 1llustrates a power transmission relationship in a
case 1n which the output umt 101 receives an mput. Assums-
ing that the input synthesis apparatus 100 according to one
exemplary embodiment of the present invention 1s con-
nected with a pedal of a bicycle and the output unit 101 1s
connected with a wheel of the bicycle, a power transmission
process when moving the bicycle backward 1s 1dentical to a
process 1llustrated in FIG. 8.

When the output unit 101 rotates counterclockwise, the
second intermediate gear 135 connected with the output unit
101 also rotates 1n the same direction, and rotational force
may be sequentially transmitted to the power shatt 111 of the
first mput unit 110 and the power shaft 121 of the second
iput unit 120 by the planetary gear unit. In this process, the
power shafts 111 and 121 rotate 1n the same direction by the
operations ol the planetary gear umit and the one-way

bearings 124, 125, and 137. In this case, the power shaifts 111
and 121 idle.

Meanwhile, referring to FIGS. 9 to 14, the differential
gear unit included in the gear unit 250 of the iput synthesis
apparatus 200 according to another exemplary embodiment
of the present invention may include a first intermediate gear
231 which 1s engaged with the first input gear 212; a first
bevel gear 232 which 1s formed on a planar portion of the
first intermediate gear 231; 1dle gears 241 and 242 which are
engaged with the first bevel gear 232; a second intermediate
gear 244 to which a rotating shaft 243 on which the idle
gears 241 and 242 are rotatably formed 1s connected and
which rotates 1n a direction 1dentical to a revolution direc-
tion of the 1dle gears 241 and 242; a second bevel gear 233
which 1s engaged with the idle gears 241 and 242 and
formed to face the first bevel gear 232; and a third interme-
diate gear 234 which has a planar portion on which the
second bevel gear 233 1s formed.

Here, the output unit 201 1s connected to the rotating shaft
243 on which the idle gears 241 and 242 are formed, the
third intermediate gear 234 1s engaged with the second input
gear 222, and the fourth intermediate gear 245 may be
formed to be engaged between the second intermediate gear
244 and the third input gear 223.

Referring to FIGS. 9 to 11, the first bevel gear 232 and the
first intermediate gear 231 may be integrally formed, and the
second bevel gear 233 and the third intermediate gear 23
may be integrally formed. The 1dle gears 241 and 242 and
the second intermediate gear 244 are positioned between the
first intermediate gear 231 and the third intermediate gear
234.

The i1dle gears 241 and 242 may revolve around a center
of the second mtermediate gear 244, and to this end, two 1dle
gears 241 and 242 are rotatably mounted at both ends of the
rotating shaft 243. The both ends of the rotating shait 243
penetrate the idle gears 241 and 242 and protrude, and the
protruding both ends are fitted with grooves 247 formed in
an 1nner circumierential surface of the second intermediate
gear 244, respectively. For this reason, when the second
intermediate gear 244 rotates, the rotating shaft 243 also
rotates together with the second intermediate gear 244, and
the 1dle gears 241 and 242 mounted on the rotating shait 243
revolve in a direction 1dentical to the rotation direction of the
second intermediate gear 244.

Meanwhile, since the idle gears 241 and 242 revolve in a
state of being engaged with the first and second bevel gears
232 and 233, the 1dle gears 241 and 242 revolve while

rotating. Since the rotating shaft 243 rotates because of the
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revolution of the 1dle gears 241 and 242, the output unit 201
connected to the rotating shait 243 rotates.

The output unit 201 passes through the first intermediate
gear 231 and 1s exposed to the outside, and as a result,
rotational force of the first intermediate gear 231 1s not
transmitted to the output unit 201.

Meanwhile, the third one-way bearing 235 may be formed
on the third intermediate gear 234. That 1s, the third one-way
bearing 235 1s mounted between the third intermediate gear
234 and the stationary shaft 236. Non-described reference
numeral “203” 1n FIG. 12 1s a case.

A principle 1n which the torque and the speed of the iputs
are synthesized by the input synthesis apparatus 200 accord-
ing to another exemplary embodiment of the present inven-
tion will be described with reference to FIGS. 13 and 14.

FIG. 13 1llustrates a principle of synthesizing the torque
of the inputs. That 1s, FIG. 13 illustrates a power transmis-
sion process 1n a case i which the torque of the first
rotational force provided by the first input unit 210 and the
torque of the second rotational force provided by the second
input umt 220 are synthesized. First, in a case in which the
rotation direction of the first rotational force created by the
first input unit 210 and the rotation direction of the second
rotational force created by the second mmput unit 220 are
different from each other, that 1s, 1n a case 1n which the first
input unmt 210 rotates clockwise and the second mnput unit
220 rotates counterclockwise, the torque may be synthesized
(see a solid line arrow 1n FIG. 13). That 1s, 1n a case 1n which
the second mput unit 220 rotates 1n a reverse direction, the
torque may be synthesized.

When the power shaft 211 of the first mput unmit 210
rotates clockwise, the first mput gear 212 creates the first
rotational force while rotating 1n the same direction. The first
rotational force 1s transmitted to the first intermediate gear
231 engaged with the first input gear 212. When the first
intermediate gear 231 rotates, the first bevel gear 232 also
rotates in the same direction. With the rotation of the first
bevel gear 232, the 1dle gears 241 and 242 revolve while
rotating. Since the 1dle gears 241 and 242 rotate, the second
bevel gear 233 and the third intermediate gear 234, which
are engaged with the i1dle gears 241 and 242, are about to
rotate 1n a direction opposite to the rotation direction of the
first bevel gear 232, but the third one-way bearing 235
inhibits the rotation of the third mmtermediate gear 234, and
as a result, the second bevel gear 233 also cannot rotate. In
a case 1n which the speed 1s synthesized, an output 1s created
because the iput unit 1s operated to 1inhibit the second bevel
gear 233 from rotating 1n a direction opposite to the rotation
direction of the first bevel gear 232, but in a case 1n which
the torque 1s synthesized, an output is not created at all if the
second bevel gear 233 cannot be inhibited from rotating 1n
a direction opposite to the rotation direction of the first bevel
gear 232, and the 1dle gears 241 and 242 merely rotate and
revolve. Therefore, 1n order to create an output even 1n a case
in which the torque 1s synthesized, the third one-way bearing
235 1s required. That 1s, 1n a case 1n which the torque 1is
synthesized, the rotation of the third intermediate gear 234
1s inhibited by the third one-way bearing 233, and as a result,
the second bevel gear 233 does not also rotate.

Meanwhile, since the 1dle gears 241 and 242 revolve 1n
the same direction as the first intermediate gear 231, the
output unit 201 connected with the rotating shaft 243 also
rotates 1n the same direction (counterclockwise). Through
these processes, the first rotational force of the first input
unit 210 1s transmitted to the output unit 201.

In addition, when the power shait 221 of the second 1nput
unit 220 rotates counterclockwise, the second 1nput gear 222
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does not rotate, and only the third input gear 223 rotates 1n
the same counterclockwise. The rotational force of the
second 1put gear 222 1s transmitted to the second interme-
diate gear 244 via the fourth intermediate gear 245. That 1s,
the torque of the second intermediate gear 244, which 1s
created by the first input unit 210, and the torque of the
second intermediate gear 244, which 1s created by the
second input unit 220, are summed up. The torque of the
second intermediate gear 244, which has been summed up,
1s transmitted to the output shaft 201 through the rotating
shaft 243. The torque of the first mput umt 210 and the
torque of the second mput umit 220 are synthesized in
accordance with the aforementioned principle.

FIG. 14 1llustrates a principle of synthesizing the speeds
of the inputs. That 1s, FIG. 14 1illustrates a power transmis-
sion process 1 a case i which the speed of the first
rotational force provided by the first input unit 210 and the
speed of the second rotational force provided by the second
iput unit 220 are synthesized. First, 1n a case in which the
rotation direction of the first rotational force created by the
first 1input unit 210 and the rotation direction of the second
rotational force created by the second mmput unit 220 are
identical to each other (the clockwise direction 1n FIG. 14),
the speed may be synthesized. That 1s, the speed may be
synthesized when the second mput umt 220 rotates in a
direction (clockwise) identical to the rotation direction of the
first input unit 210 (see a solid line arrow 1 FIG. 14).

The process 1n which the first rotational force of the first
input unit 210 1s transmitted finally to the output unit 201
through the second intermediate gear 244 1s the same as the
process 1 FIG. 13.

Meanwhile, as the power shaft 221 of the second input
unit 220 rotates clockwise, the second mput gear 222 and the
third input gear 223 need to rotate, and the second input gear
222 rotates by the first one-way bearing 224, but the third
input gear 223 1dles because of the second one-way bearing
225, That 1s, even though the third input gear 223 rotates, the
third input gear 223 does not transmit rotational force to the
second intermediate gear 244.

The second mnput gear 222 i1s engaged with the third
intermediate gear 234 and transmits rotational force to the
third intermediate gear 234, the third intermediate gear 234
allows the 1dle gears 241 and 242 to 1dle through the second
bevel gear 233, and transmits rotational force to the output
unit 201 connected to the rotating shaft 243. In this case, in
a case 1n which the speed of the first bevel gear 232 and the
speed of the second bevel gear 233, which have been created
by the first input unit 210 and the second mput unit 220, are
equal to each other, the 1dle gears 241 and 242 only revolve
without rotating. I the rotational speed of the first bevel gear
232 and the rotational speed of the second bevel gear 233 are
different from each other, the 1dle gears 241 and 242 rotate
in a particular direction, and revolve 1n the same direction as
the first bevel gear 232 and the second bevel gear 233.

Revolution force of the 1dle gears 241 and 242 rotates the
output shaft 201 through the rotating shait 243. That 1s, an
idle speed of the 1dle gears 241 and 242 1s a speed of the
output shait 201. In this case, because the 1dle speed of the
idle gears 241 and 242, which 1s caused by the first input unit
210, and the 1dle speed of the 1dle gears 241 and 242, which
1s caused by the second mput unit 220, are summed up, the
speed of the first input unit 210 and the speed of the second
input unit 220 are summed up.

As described above, 1n a case 1n which the speeds are
synthesized, the first bevel gear 232 and the second bevel
gear 233 rotate always 1n the same direction. In addition, a
direction 1 which the idle gears 241 and 242 rotate is
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determined based on a difference 1n speed between the first
bevel gear 232 and the second bevel gear 233.

As described above, 1n a case in which the three one-way
bearings and the planetary gear unit are provided, the input
synthesis apparatus 100 according to the present invention
synthesizes the torque when the direction of the first rota-
tional force provided by the first input umt and the direction
of the second rotational force provided by the second 1nput
unit are i1dentical to each other, and synthesizes the speed
when the direction of the first rotational force provided by
the first input unit and the direction of the second rotational
force provided by the second 1nput unit are different from
cach other, and as a result, it 1s possible to produce outputs
having various speeds and torque.

While the exemplary embodiments of the present inven-
tion have been described above with reference to particular
contents such as specific constituent elements, the limited
exemplary embodiments, and the drawings, but the exem-
plary embodiments are provided merely for the purpose of
helping understand the present imnvention overall, and the
present invention 1s not limited to the exemplary embodi-
ment, and may be variously modified and altered from the
disclosure by those skilled 1n the art to which the present
invention pertains. Therefore, the spirit of the present inven-
tion should not be lmmited to the described exemplary
embodiments, and all of the equivalents or equivalent modi-
fications of the claims as well as the appended claims belong
to the scope of the spirit of the present invention.

INDUSTRIAL APPLICABILITY

The present invention may be used in the technical field,
such as robots, transporting apparatuses, and moving means,
where 1t 1s necessary to create various outputs by synthe-
s1zing a plurality of iputs.

The mvention claimed 1s:

1. An mput synthesis apparatus, comprising:

a first mput unit which provides first rotational force;

a second 1mnput unit which provides second rotational force
equal to or different from the first rotational force;

a gear unit which 1s engaged with the first input unit and
the second input unit and synthesizes the first rotational
force and the second rotational force; and

an output umt which outputs resultant force of the first
rotational force and the second rotational force,

wherein the gear unit sums up speeds or torque of the first
rotational force and the second rotational force based
on whether a rotation direction of the first input unit and
a rotation direction of the second mput umt are 1den-
tical to each other,

wherein two gears, which are engaged with the gear unat,
are formed on one of the first input unit and the second
input unit, and a first one-way bearing and a second
one-way bearing are formed in the two gears,

wherein a power transmission blocking direction of the
first one-way bearing and a power transmission block-
ing direction of the second one-way bearing are oppo-
site to each other, and

wherein the gear unit includes a third one-way bearing
formed on a stationary shaft that does not rotate.

2. The mput synthesis apparatus of claim 1, wherein
gears, which are engaged with the gear unit, are formed on
the first input umt and the second input unit, respectively,
and the number of gears formed on the first input unit and
the number of gears formed on the second mput unit are
different from each other.
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3. The mput synthesis apparatus of claim 1, wherein a
power transmission blocking direction of the third one-way
bearing 1s 1dentical to a power transmission blocking direc-
tion of one of the first one-way bearing and the second
one-way bearing.

4. The mput synthesis apparatus of claim 3, wherein a
gear, which 1s formed with one of the first one-way bearing
and the second one-way bearing which has the same power
transmission blocking direction as the third one-way bear-
ing, 1s engaged with a planetary gear unit or a differential
gear unit of the gear unait.

5. The mput synthesis apparatus of claim 4, wherein a
gear, which 1s formed with one of the first one-way bearing
and the second one-way bearing which 1s different 1n power
transmission blocking direction from the third one-way
bearing, 1s engaged with a gear formed with the third
one-way bearing.

6. The input synthesis apparatus of claim 5, wherein the
gear unit includes a first input gear which 1s formed on the
first input unit, and a second put gear and a third input gear
which are formed on the second input unit, and the planetary
gear unit or the differential gear unit are formed to be
engaged with the first mput gear, and engaged with the
second 1nput gear or the third mput gear.

7. The 1nput synthesis apparatus of claim 6, wherein the
first one-way bearing and the second one-way bearing are
formed 1n the second mnput gear and the thuird mmput gear,
respectively.

8. The 1nput synthesis apparatus of claim 7, wherein the
planetary gear unit includes:

a first mntermediate gear which 1s engaged with the first

iput gear;

planet gears which are formed on the first intermediate

gear and revolve 1n a rotation direction of the first
intermediate gear;

a sun gear which 1s formed between the planet gears and

rotates 1n a direction opposite to a rotation direction of

the planet gears;
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a ring gear which 1s engaged with the planet gears and
rotates 1n a direction i1dentical to the rotation direction
of the planet gears;

a second intermediate gear which has the ring gear formed
therein, rotates in the same direction as the ring gear,
and 1s connected to the output unit; and

a third mtermediate gear which 1s connected with the sun
gear through the same rotating shatt,

the third imntermediate gear 1s engaged with the second
input gear, and the second intermediate gear 1s engaged
with the third mnput gear.

9. The mput synthesis apparatus of claim 7, wherein the

differential gear umt includes:

a first intermediate gear which 1s engaged with the first
input gear;

a first bevel gear which 1s formed on a planar portion of
the first mntermediate gear;

idle gears which are engaged with the first bevel gear;

a second intermediate gear to which a rotating shaft on
which the 1dle gears are rotatably formed 1s connected
and which rotates 1n a direction 1dentical to a revolution
direction of the idle gears;

a second bevel gear which 1s engaged with the idle gears
and formed to face the first bevel gear; and

a third intermediate gear which has a planar portion on
which the second bevel gear 1s formed,

the output unit 1s connected to the rotating shait on which
the 1dle gears are formed,

the third intermediate gear 1s engaged with the second
input gear, and the second intermediate gear 1s engaged
with the third input gear.

10. The input synthesis apparatus of claim 9, wherein a
fourth intermediate gear 1s engaged between the second
intermediate gear and the third mput gear.

11. The input synthesis apparatus of claim 8, wherein the
third one-way bearing 1s formed 1n the third intermediate
gear.
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